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1. (Currently Amended) An ink- jet recording apparatus 
comprising: 

a recording head having an ink channel and a nozzle ^ 

an ink channel iiu a reccii ' ding head, fr o m whi c h an ink di ' oplefc is 
5 jetted ; and 

itr)- an electromechanical converting device for changing a 
volume of the ink channel to make the cause an ink droplet to 7^ 
be netted from the nozzlej, [[/]] 

wherein before an ink droplet jetting operation is conducted 
10 and without jetting the ink droolet , an ink meniscus in the 
nozzle is vibrated finely by repeatin g plural performing a 
Plurality of times : (i) a pushing out process so of pushing the 
ink meniscus out from a surface of the nozzle such that a peak 
distance correspondin g tc a peak of the ink meniscus puahg.d out 
15 from * the surface of the nozzle is at least substantially equal 
to 01 murti than a radius of the nozzle^ and (iij. a Pulling 
process fcr a£ pulling in the ink m eniscus into the nozzle mcrre 
toward the ink channel across past a repose position of the ink 
meniscus / wliiler-thgi ink i& pr e vent e d fr<:<m jetting - ■ from the 
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2. (Currently Amended) The ink- jet recording apparatus of 
claim 1; wherein drive signals having are repeatedly applied a 
Plurality of times to the electromechanical convertino device to 
conduct the fine vibration of the ink meniscus, and said drive 
5 signals include: a voltage pulse with a pulse width of (Ni)AL for 
expanding the volume of the ink channel^ a first pause period 
with a width of (N2)AL, a voltage pulse with a pulse width of 
(N3}AL for reducing the volume of the ink channel, and a second 
pause period with a width of (NjALj. Rire applied r e peate d ly 
10 plural timea to th e e lectromechanical converting devieey theiebj; 
a fin e vibration v^f the ink menigg t f s - jr s-conductedy 

where J. 

AL represents a half of an acoustical resonance period 
of the ink channel , 
15 each of and N:^ is an integer of at least 2 o r mors ;^ 

and 

each of N2 and is a real number of at least 1 or 
more ■ 



3. (Currently Amended) The ink-- jet recording apparatus of 
claim 1, wherein drive signals having are repeatedly applied a 
Plurality of times to the electromechanical converting device to 
conduct the fine vibration o£ the ink meniscus, and said drive 
5 signals include: a voltage pulse of rectangular wave with a pulse 
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Width of (Ni)AL for expanding the volume of the ink channel, a 
first pause period with a width of (N:,)AL, a voltage pulse of 
rectangular wave with a pulse width of (N3)AL for reducing the 
volume of the ink channel, and a second pause period with a width 
10 of (N4)ALi, are applied repeatedly plural tim e a t o th e 

e lck^trcirnechanical conv e rtin g- device -; - thereby a fine vibration of 
the ink menigcus 15 c o nducted, 
where^ 

AL represents a half of an acoustical resonance period 
15 of the ink channel, 

each of and N-, is an integer of at least 2 or mor e, 
and 

each of N2 and N4 is a real number of at least 1 or 
mo??? • 



4. (Currently Amended) The ink-jet recording apparatus of 
claim 3, wherein each of N2 and is an integer of at least 1 or 
more . 



5. (Original) The ink- jet recording apparatus of claim 3, 
wherein each of N,, Np., N3 and N4 is 4, 



6. (Currently Amended) The ink- jet recording apparatus of 
claim 3, wherein a jetting drive voltage that make^ Llia causes 
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the ink droplet to be jetted from the nozzle ii\ the rei^uiidiiivg 

hCT d- and to record ima ge s , is equal to a fine vibration drive 
5 voltage that vitorateg finely causes the ink. meniscus to vibrate 

finely without making an causing the ink droplet to -j^ be jetted 
from the nozzle. 

7. (Currently Amended) The ink- jet recording apparatus of 
claim 6, wherein when the recording head is outside an image 
recording area, an ink refreshing drive to spew ink is carried 
out by driving the electromechanical converting device, and each 

5 of- wherein a jetting drive voltage wh e n the for image recording 
ia ccinducted y a fine vibrating drive voltage that make a causes 
the ink meniscus to vibrate finely^ and an ink refreshing drive 
voltage 7 — is the sam g are equal , 

8. (Currently Amended) The ink-jet recording apparatus of 
claim 1, wherein 3- the peak distance of fine vibration of an the 
ink meniscus from the nozzle is greater when the recording head 
is outside tire ^ image recording area, ia greater than that o £ 

5 line vibration ^- cf '- an ink m e niscus than when the recording head is 
on a non-recording pixel in the image recording area. 



9. (Currently if^ended) The ink- jet recording apparatus of 
claim 3, wherein the electromechanical converting device forms a 
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partition wall between adjacent Ink channels r and ia comprises 
a piezoelectric material that deforms und e r in a shear mode. 

10. (Currently Amended) An ink- jet recording apparatus 
comprising: 

a recording head having an Ink channel and -<-ar)- a nozzle trf 
an ink gr hannel in a r eco rdin g h e ad, from which an ink droplet i$ 
5 jetted ; and 

-ftr)- an electromechanical converting device for changing a 
volume of the ink channel to make tFi e cause an ink droplet to jet 
be jetted from the nozzlej. [[,]] 

wherein drive signals having are repeatedly applied a 
10 Plurality of times to the electromechanical converting device to 
finely vibrate an ink meniscus without: jetting an ink droplet 
g^Qm the nozzle, and said drive signals include; a voltage pulse 
with a pulse width of (Ni)AL for expanding the volume of the ink 
channel, a first pause period with a width of (N2)ALr a voltage 
15 pulse with a pulse width of {Nj)AL for reducing the volume of the 
ink channel, and a second pause period with a width of (N4)ALi. 
■ a - r e a pp li e d r e p e at e dly p lu r al tira e a to the electromiiichaiiicAl 
converting device, — bhsr e by a fine vibration of the ink - m e niscus 
1& ccnduv::ted, while th e ink i& prevented from jettin g fr o m th e 
20 nozzle, 

wherei. 
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each of Ni and N3 is an integer of at least 2 o r mor g^^ 
each of and N4 is a real number of at least 1 -or 
more ^ and 

25 AL represents a half of an acoustical resonance period 

of the ink channel. 



11. (Currently Amended) An ink-jet recording apparatus 
comprising; 

a recording head having an ink channel and -f^ a nozzle xyf 
an iiik channel in a rec o rding head^ — from which an iiiK - Ux 'c ;plet ^ & ' 
5 je bt ed ; and 

-ibf- an electromechanical converting device for changing a 
volume of the ink channel to mak e th e cause an ink droplet to jet 
be netted from the nozzlei. [ .M ] 

wherein drive signals having are repeatedly applied a 
10 plurality of times to the electromechanical converting device to 
finel_Y -Vibrate an ink meniscus without jetting an ink droplet 
from the nozzle, and said drive signals include: a voltage pulse 
of rectangular wave with a pulse width of (Ni)AL for expanding 
the volume of the ink channel, a first pause period with a width 
15 of (N2)AL, a voltage pulse with a pulse of rectangular wave width 
of (N3)AL for reducing the volume of the ink channel, and a 
second pause period with a width of (N4)ALi. are, applied 
rep e at e dly p lmal tim e s to th e e le c tr o m e chanical conv e rtin g 
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devli^Ur — Lher i cgby a fin e vibi ' fltion " Of the ink meniscus Ls 
20 coi ' idueteoi, — whil e the ink i^ prevented from j etting from the 
nozzle, 

wherej. 

each of Ni and N3 is an integer of at least 2 or mor e» 
each of N2 and is a real number of at least 1 or 
25 mCTre, and 

AL represents a half of an acoustical resonance period 
of the ink channel. 

12. (Currently Amended) The ink- jet recording apparatus of 
claim 11, wherein each of N;, and is an integer of at least 1 
or more , 

13. (Original) The ink- jet recording apparatus of claim 11, 
wherein each of Ni, N2/ N3 and N< is 4. 

14. (Currently Amended) The ink- jet recording apparatus of 
claim 11, wherein a jetting drive voltage that makeg> au causes 
the ink droplet to be jetted from a the nozzle in the 
r e cording head and to r eco rd image5, is equal to a fine vibration 

5 drive voltage that vibratejb lin e ly an causes the ink meniscus to 

vibrate finely without mtri^iii^ rr^u^i^nq an ink dygpl^t to yet: be 
netted from the nozzle. 
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15. (Currently Amended) The ink- jet recording apparatus of 
claim 14, wherein when the recording head is outside an image 
recording area, an ink refreijhing drive to spew ink is carried 
out by driving the electromechanical converting device, and e ach 

5 xy± wherein a jetting drive voltage when Lhu for image recording 
15 c.onducted, a fine vibrating drive voltage that makes causes 
the ink meniscus to vibrate finelyj. and an ink refreshing drive 
voltage 7 — is the same are equal . 

16. (Currently Amended) The ink-jet .recording apparatus of 
claim 11, wherein the electromechanical converting device forms a 
partition wall between adjacent ink channels, and is of comprises 
a piezoelectric material that deforms under in a shear mode. 

17. (Currently Amended) An ink-jet recording apparatus 
comprising: 

a recording head havin g an ink channel and a nozzle trf 

an ink channel in a re co x T iing head^ — fL ' gjm which an ink dropl e t is 
5 j etted ; and 

-ihf- an electromechanical converting device for changing a 
volume of the ink channel to ma - ke the cause an ink droplet to 
be jetted from the nozzlej. [[,]] 

wherein fine, vibratJlon of an ink meniscus in the nozzle is 
10 conducted without causing the ink droplet to be jetted, in which 
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the ink meniscyig is pushed out from a surface of the nozzle by a 
p^ak distance at least substantially equal to or nioi ' e thai ' x a 
nozzle radiuSj. — and th e reby, — the irrk r neni3<!.uj vibrated finely 
while the ink 1& pj. evented - from flying fr o m th e n o zzle. 

18. (Currently Amended) The ink- jet recording apparatus of 
claim 17/ wherein the peak of the ii ' ik meniaeua p ush e d out from a 
surface i:;f Lhe n^^^zzl e distancG is not more than three times the 
nozzle radius. 

19. (Currently Amended) The ink-jet recording apparatus of 
claim 17, wherein drive signals havin g are at)Dlied to the 
electromechanical converting doyice. said drive signals 
including: a voltage pulse of rectangular wave with a pulse width 

5 of (Ni)AL for expanding the volume of the ink channel, a pause 

period with a width of (N2)AL and a voltage pulse of rectangular 
wave with a pulse width of (N:^)AL for reducing the volume of the 
ink channel^, — are a p plied to the ■ e - lec^trcimechariical conv e rtin g 
devic e ^ 
10 wherej. 

each of N^, Nj and N3 is an integer of at least 2^ x^r 
m o re and 

AL represents a half of an acoustical resonance period 
of the ink channel. 

-10- 



PA6E1W17*RCVDAT1»S5:32:29PM [Eastern Standard 



Jan. 6.2005 5:32PM FRISHAUF & PARTNERS 



Application No. 10/628,936 
Response to Office Action 



No. 317? P. 11/1? 

Customer No. 01933 



20. (Currently Amended) The ink- jet recording apparatus of 
claim 17, wherein in the -r eco r din g h e ad, a jetting drive voltage 
that makes causes an ink droplet to -je^ be netted from » the 
nozzle ill the recordin g head , a fine vibration drive voltage that 

5 vibrat e s finely an causes the ink meniscus to vibrate finely 

without ma - l c i -ff g causing an ink droplet to be Netted from the 
nozzle^, and an ink refreshing drive voltage that causes spews ink 
to spew outside an image recording area [[/]] are the same equal . 

21. (Currently Amended) The ink-jet recording apparatus of 
claim 17, wherein « the peak distance of a fine vibration of the 
ink meniscus from the___n_Qzzle is greater when the recording head 
is outside an image recording area is g reater than that of fine 

5 vibrati ot f o f an ink m e niscus than when the recording head is on a 
non-recording pixel in the image recording area. 

22. (Currently Amended) The ink-jet recording apparatus of 
claim 17/ wherein the electromechanical converting device forms a 
partition wall between adjacent ink channels, and is of comprises 
a piezoelectric material that deforms under in a shear mode- 
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